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The abnormal gene product in cystic fibrosis has not 
been identified. We report that two-dimensional poly-
acrylamide gel electrophoresis of 1251-labeled sweat pro-
teins coupled with fluorography a nd rare earth screen 
radioautography reveals an absence of a n acidic protein 
of molecular weight 60,000 in sweat collected from 9 
patients with cystic fibrosis. The protein spot was pres-
ent in sweat from heterozygotes and from controls. 
Autosomal recessive inheritance of cystic fibrosis (CF) argues 
for abnormality of a single gene product, but in spite of exten-
sive research on biochemical and physiologic aspects of t he 
disease no such abnormali ty has been clearly demonstrated. 
The disease particularly affects the sec retory function of exo-
crine glands including pancreas, mammary glands, exoc rine 
component of lung secretions, salivary and sweat glands. The 
most reliable diagnostic test to confirm the presence of CF in 
a particularly patient is to document t he electrolyte abnormal-
ity in eccrine sweat [1) . We therefore decided to look for 
possible protein abnormali t ies in eccrine sweat by two-dimen-
sional ge l electrophoresis. Using sensitive methods designed to 
detect extremely small quantities of material, we have noted 
that over 100 discrete spots can be identified in sweat obtained 
from 18 normal individuals studied to date [2) . ln our best 
preparations, t he most prevalent 56 spoLs were clearly seen to 
be homologous from individual to individual; judged in a qual-
itative manner, however, t here were great differences in the 
relative amount in individual spots from person to person. In 
unpublished experiments, we have also noted that signiticant 
variations in amoun t of an indi vidual spot will vary from 
collection to collection in the same individual. With t his in 
mind, we examined sweat co ll ected from patients with CF to 
see whether complete absence of a spot(s) could be detected 
and might therefore serve as a biochemical marker of t his 
condition. 
MATERIALS AND METHODS 
We have exam ined 9 CF patients. In 5 of these cases, parents and a 
brother or sister were a lso analyzed. Where a blood relative was not 
ava ilable as a control, sweat was collected from the investigators at the 
t ime of patient sampling. The extremely low levels of protein in sweat 
combined with the difficu lty of obtaining large amounts of sweat in a 
sauna from patients with respirato ry problems made it difficult to 
obtain a sufficient samp le volume to provide radiol1uorographs of high 
detail that would allow for comparisons among groups. When possible, 
patients and control individuals were sampled a number of t imes to 
ve ri fy the initia l findin gs. 
Sweat was collected from cont rol and patient groups at the same 
t ime in a dry-heat sauna maintained at 80'C. The sweat samples were 
centrifuged at 10,000 g for 10 min to remove particulates and the 
supernatant dialyzed against deionized redist illed water for 24 h us ing 
dialysis tubing previously boi led in 50% ethanol for 1 h, rinsed, and 
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PAGE: polyacrylamide gel electrophoresis 
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F1G 1. Two-dimensional PAGE of sweat from contro ls (A and B) , 
a heterozygote (C), and a child with CF {D). 
then boiled in 10 mM sodium bicarbonate and 1 mM EDTA for 1 h. 
The sample was then concent rated to dryness in a centrifuge concen-
t rator under vacuum. The bottom of the centri fuge tube had been 
previously coated with iodogen which had been solubilized in chloro-
form and dried under a stream of air. Ultrapure, deionized, disti lled 
water (10-20 11!) was added to resolubilize the sample and 40-200 11Ci 
of ,,,,! was added (the amoun t depended on the original volume of 
sweat). After 30 min of incubation, one-third of the sample was placed 
onto a microcylinder isoelectrofocusing gel for the first dimension of 
our standard two-dimensional polyacrylamide gel electrophoresis 
(PAGE) system. This system has been described previously [2] and is 
a modification of that described by O'Farrell [3]. In this system, the 
sample is solubilized in t he presence of 0.1% sodium Iaury! sulfate prior 
to the isoelectric focus ing run. We have noted that both the sodium 
Iaury! sulfate and the unreacted iodine exit the microcylinder duri ng 
the 18-h focusing experiment. The second dimension is t hen developed 
as previously described [2]. After the second djmension is complete, 
the slab ge l is fixed in 50% methanol and 10% acetic acid. If larger 
volu mes of sweat were initially ava ilable (generally greater than 5 m1), 
the gel could be stained directly with the sensitive photoreactive silver 
stain [4]. In our laboratory, nanogram amounts of polypeptides could 
be visualized with this stain. Wi th or without prior s ilver staining, tbe 
gel was t hen exposed to t he phosphor, "En lightening" (New England 
Nuclear Corporation), according to t he methods of t he manufacturer. 
After immersion, the gel was dried on a clear acetate sheet. The dry 
gel was placed next to a layer of X-Omat Kodak x- ray film with a rare 
earth screen and stored at -70'C for exposure for varying lengths of 
t ime. The spot pattern was evaluated visually by prin t ing the l1uoro-
graph onto a 8 x 10 inch paper and overlaying wit h a clear acetate 
sheet. T he spots were then outlined with black pen and t he sheet was 
placed over other fluorograph prints for the determination of homolo-
gies and the presence or absence of polypeptides. Radiofluorographs 
were examined visually and by the video digitalization system described 
by Mariash et a l [5]. This system uses a high-resolu t ion video camera 
interfaced to an Apple Il -plus microcomputer through an A to D 
digitalization card produced by Micro Works (Del Mar, California). 
The program was kindly supplied to us by Dr. Mariash in Apple 6502 
assembly language. 
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RESULTS 
To date, we have obtained data of sufficient quality for good 
comparisons from 5 fam ilies and another 4 individual patients. 
Sept. 1984 
F I G 2. Two-dimensional PAGE of sweat from a control (upper), a 
heterozygote (m iddle) , and a child (lower) with CF. 
Figs 1 a nd 2 show t he radiolluorographs from 2 fam ilies and 
control individuals. We have identified one acid component of 
60K daltons· that is absent in t he sweat of all CF patients 
studied (9 individuals) and is present in all relatives and in 
unrelated control individuals. The abse nce of this substance 
was confirmed by video scanning techniques (Fig 3). The ap-
parent average denatured isoelectric point is 4. 7. This compo-
nent appears as a multiple charged isomer with multiple spots 
varying from pi 4.6-4.8. Frequently , this multiple charge phe-
nomenon has proved to indicate a sia loglycoprotein. The ab-
sence of this component in sweat from CF patients has been 
confi rmed for one of the individuals on 2 separate occasions 
and for another, on 3 separate collections. Its presence in 
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FIG 3. A two dimensional polyacrylamide gel of sweat obtained from 
a boy (left) who has CF and his mother (right). The acidic region in 
which a protein is absent in sweat from CF patients is scanned using 
the video digitalization method of Mariash et al [5]. The protein 
marked, A, in the maternal sweat is absent in sweat from her son. 
control samples has been confirmed for 18 norma l individuals 
with up to 15 repeated samplings from one individual and 
multiple two-dimensional PAGE runs. 
DISCUSSION 
Our experiments present data suggesting that a specific uni-
dentified protein is absent in sweat obta ined from patients with 
CF. As recently reported by us [2], the PAGE patterns vary in 
an individual in protein quantity from collection to collection; 
we have not been able to obtain sufficient sample volumes for 
repeated quantitative comparisons of minor components and 
t herefore report here only the most prominent difference be-
tween CF and control sweat samples. The sensitivity of this 
technique serves as a control for surface contamination by 
corneocytes or foreign material. E lectrophoretic patterns of 
whole epidermal cells conta in a variety of macromolecules 
greater in size than t hat of a lbumin; t he absence of these easi ly 
detectable substances indicates a noncontaminated sample of 
eccrine sweat. Further experiments will document this abnor-
mality in larger population samples, quantitate the amount of 
this substance in control and heterozygote sweat samples by 
computer-assisted analysis [4], and begin the identification of 
the macromolecular components in sweat. 
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